Eight hundred fifty-nine murine hybridomas were produced from eight fusions, and 27 were characterized for secretion of antibodies reactive to Listeria monocytogenes. One monoclonal antibody (MAb), P5C9, reacted with all test strains of L. monocytogenes (31 of 31), L. innocua (3 of 3), and L. welshimeri (1 of 1) but not with any strains of the other four Listeria species or with any of 22 gram-positive or 11 gram-negative species of bacteria when tested in microtiter and dot blot enzyme immunoassays. Of the other 26 antibodies, 20 reacted with either L. monocytogenes Scott A or V7 and with some or all of the other six Listeria species but also cross-reacted with some or all of the non-Listeria bacteria tested. MAb P5C9 is of the immunoglobulin Gl murine subclass. In Western blot (immunoblot) analyses, this MAb reacted with a single antigen with a molecular weight of 18,500, and it is shared in common with all three reactive species, L. monocytogenes, L. innocua, and L. welshimeri. This antigen was extracted with detergent and appeared to be cell bound.
Foodbome listeriosis is a problem of major concern to the public health community and food processors. Several foodborne cases have occurred in North America (9, 20, 35) , prompting the U.S. Food and Drug Administration (USFDA) and the U.S. Department of Agriculture (USDA) to establish a zero tolerance for Listeria species in 25-g samples of cooked, ready-to-eat foods, including meat and poultry products.
Many culture methods and media for Listeria species have been devised and reported which appear to be reliable but are time-consuming (7, 11, 21, 23, 38) . The use of enrichment culture protocols coupled with rapid detection systems (immunoassay and nucleic acid probes) are perhaps the most efficient methods available (5, 16, 22) .
The immunoassay systems commercially available in the United States for Listeria detection are specific to the genus level only but fulfill the current regulatory needs of detecting any of the seven recognized Listeria species. The availability of more rapid immunoassay methods to specifically detect Listeria monocytogenes, the main species reported to be pathogenic to humans (10, 24) , would be very useful in tracing the distribution of this pathogen in environmental, food, and clinical specimens.
In this report, we describe the production and screening of 27 hybridoma antibodies and the characterization of one monoclonal antibody (MAb), P5C9, which showed reactivity toward L. monocytogenes, L. innocua, and L. welshimeri but not toward the other four recognized Listeria species. MAb P5C9 showed no cross-reactivity with a variety of other starter cultures and other non-Listeria bacteria commonly associated with foods or isolated from food-processing environments by the selective culture methods for Listeria currently recommended by the USFDA and the USDA Food Safety and Inspection Service. Partial characterization of the cellular antigen which binds with P5C9 is also presented. 23 ,700 x g for 10 min and decanted, and the pellet was suspended in 10 ml of PB. This step was repeated twice. The resulting pellet was passed successively through 16 -and 23-gauge hypodermic needles to resuspend it in the 10 ml of PB and centrifuged at 1,940 x g for 10 min, and the pellet was discarded. The resulting supernatant was centrifuged at 23,700 x g for 10 min, and the supernatant was monitored for UV-absorbing material (A260 and A280). This step was repeated until no UVabsorbing material was detected in the supernatant. Wet mounts of the cell wall preparations viewed under phasecontrast microscopy were examined at each stage of processing until no intact cells were viewed in 10 fields at x 1,000 magnification. Cell wall fragments were stored at -70°C until used.
In method 3 (Formalin-killed whole cells), cells at the above-described concentration were pelleted by centrifugation. The pellet was suspended in an original volume of PB containing 0.3% formaldehyde and kept at room temperature for 14 h. The cells were then washed three times in PB and suspended in PB. Portions of the suspension were streaked on TSBYE agar plates to confirm that no viable cells persisted. These preparations were stored at -70°C until used. At least 3 weeks before fusion, individual BALB/c mice were immunized by intraperitoneal injection of 100 ,u (300 ,ug [dry weight]) of diluted immunogen preparations with or without alum precipitation (13) or poly(A)-poly(U) as an adjuvant. At 5 days before fusion, these mice were boosted daily with the same amount of homologous immunogen, allowing 1 day of rest before the fusion was performed.
Hybridoma production. Cultures of murine myeloma cell lines P3X63-Ag8.653 (P3X) afild P3/Nsl/1-Ag4-1 (NS-1) were maintained in Iscove modified Dulbecco medium (Sigma Chemical Co., St. Louis, Mo.) with 10% (vol/vol) fetal bovine serum (HyClone Laboratories, Logan, Utah) in 75-cm2 tissue culture flasks at 37°C in a 7% CO2 atmosphere.
Myeloma cell lines were maintained in the logarithmic growth phase for at least 5 days before fusion. Spleen cells harvested from immunized and boosted mice were fused with either NS-1 or P3X myeloma cells at a ratio of 1:1 by the basic procedure of Kohler and Milstein (17) and distributed among five 96-well plates containing 200 ,ul of Iscove medium per well with 10% fetal bovine serum (I1OF) containing the selective compounds hypoxanthine, aminopterin, and thymidine. The IlOF-hypoxanthine-aminopterin-thymidine medium was preconditioned by a feeder layer of approxi- (Fig. 2) Rapid assays that could identify L. monocytogenes in initial enrichments would save analysis time and would be useful in the study of human listeriosis and its transmission through foods. Therefore, we developed a MAb which shows specificity for three of the seven species of the genus Listeria, i.e., L. monocytogenes, L. innocua, and L. welshimeri. The only apparent biochemical difference between the latter two species is the ability of L. welshimeri to ferment the sugar xylose (33) .
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The specificity of MAb P5C9 for 31 strains of L. monocytogenes and just the other two above-mentioned Listeria species was confirmed (Table 2 ). Additional assays showed that this MAb did not react with any of the heat-killed whole-cell antigens made from a wide range of other nonListeria gram-positive (22 species) and gram-negative (11 species) bacteria (see Materials and Methods). The dot blot and microtiter plate assay results obtained with MAb P5C9 and whole-cell antigens were the same. Bacteria that were negative in microtiter plate assays were also negative in dot blot assays, indicating that negative results for those bacteria were not the result of poor cell binding to wells of microtiter plates.
Initial P5C9-reactive epitope characterization revealed an 18,500-dalton entity that appeared to be partially proteinaceous. The protein was apparently located in the bacterial cell wall fraction and was extractable with detergent-containing buffers. The molecular weight of the reactive polypeptide was the same in all three positively reacting species, which suggests that it is a common antigen shared among L. monocytogenes, L. innocua, and L. welshimeri. This is the first report of such an antigen of this molecular weight common to these three Listeria species and adds to the antigenic characterization of the genus Listeria published previously (3, 6, 8, 14, 19, 30, 32, 37, 41 on October 20, 2017 by guest http://aem.asm.org/ Downloaded from related to the antigen 2 described by those workers, because the molecular weights of the two antigens differ and antigen 2 was found in two species (L. grayi and L. ivanovii) with which MAb P5C9 does not react.
The listerial antigen recognized by MAb P5C9 is also apparently different from that reported by Butman et al. (1) . Their pan-Listeria MAb reacted with an antigen which was common to all seven Listeria species and had a molecular weight of 30,000 to 38,000. The wide range of positive reactivities found for our other 26 hybridoma antibodies and MAbs (in supernatants from hybridoma cell culture supernatants) toward Listeria species and other genera of grampositive bacteria is not surprising in light of common antigens shared by Listeria species and non-Listeria organisms (10, 12, 15, 28, 29, 31, 41) .
In other reports of MAbs against L. monocytogenes, the immunogens used were either heated whole-cell extracts or soluble protein extracts (1, 5, 6, (25) (26) (27) 32 
